OBJECTIVE: Symptoms suggestive of acute bacterial sinusitis are common. Available diagnostic and treatment options generate substantial costs with uncertain benefits. We assessed the cost-effectiveness of alternative management strategies to identify the optimal approach.
S
ymptoms suggestive of community-acquired, acute bacterial sinusitis occur commonly, resulting in millions of office visits and antibiotic prescriptions annually. In 1995, nonfederally employed physicians in office-based practices saw an estimated 3 million cases of acute sinusitis. The incidence of acute sinusitis has been increasing along with the use of more expensive broaderspectrum antibiotics. 1, 2 The high frequency of these symptoms translates into high costs for an individual's health, work time lost, and medical expenditures for evaluation, diagnostic testing, and treatment. However, given the high rate of spontaneous resolution, 3 the uncertain prevalence of bacterial infection among patients with symptoms suggestive of sinusitis, the need to weigh the benefits of antibiotic treatment against its cost and side effects, and the high cost and uncertain diagnostic accuracy of many diagnostic tests, 4 the management of these patients remains controversial, To lower health care costs and to minimize the societal risk of antibiotic overuse while maintaining quality care, the cost and effectiveness of diagnostic and treatment strategies for acute bacterial sinusitis must be evaluated. No randomized clinical trial covering all these variables has been performed, and such a trial would be prohibitively expensive to conduct because of the large number of patients required. We therefore created a decision analytic model using the results of recent meta-analyses to estimate the cost-effectiveness of alternative diagnostic and treatment strategies for patients who present with symptoms suggestive of uncomplicated, community-acquired acute bacterial sinusitis. 3 We used a societal perspective and applied consensus recommendations on creating and reporting cost-effectiveness analyses.
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METHODS
We considered patients with suspected, uncomplicated, community-acquired, acute bacterial sinusitis who had had symptoms for less than 4 weeks and who had not had recurrent sinusitis (multiple closely-spaced episodes of acute sinusitis). Patients were not immunocompromised, did not have atopy, malignancy, cystic fibrosis, or a history of sinus trauma or surgery. Because few data exist for young children, patients included in the model were adults or teenagers with fully developed sinuses.
We compared the cost and effectiveness of four management strategies: 1) no patients given antibiotic treatment; 2) all patients given empirical amoxicillin treatment; 3) patients given amoxicillin based on the results of a set of clinical criteria 9 ; and 4) patients given amoxicillin based on the results of sinus radiography (plain film x-ray).
We assumed that all patients were seen by a clinician at an office visit and were treated with prescription or overthe-counter medications, such as decongestants, for symptom relief. We did not consider treatment decisions for patients evaluated over the telephone because of insufficient data. Patients undergoing diagnostic testing with clinical criteria or with sinus radiography received either a 10-day course of amoxicillin, 250 mg 3 times a day or no antibiotic treatment, depending on the test outcome and the sensitivity and specificity of each test. Patients given amoxicillin could experience antibiotic side effects, such as rash, gastrointestinal distress, or vaginitis. Patients with acute bacterial sinusitis who did not receive antibiotics could develop a serious disease complication, such as meningitis or brain abscesses.
We used the results of meta-analyses of treatment options and diagnostic methods for acute bacterial sinusitis, 3, 4 supplemented where necessary with data from representative individual studies and specialist opinions. For effectiveness, we estimated the number of symptomfree and quality-adjusted days for patients with mild, moderate, and severe sinus symptoms, from the patients' perspective. We used costs, rather than charges, and included both the costs to the health care payers and the societal costs of lost work days. Any strategy with a marginal cost-effectiveness less than the commonly cited threshold of $50,000 per quality-adjusted life year 10±14 or, equivalently, $137 per quality-adjusted day, was considered to be``cost-effective.''
Decision Model
To compare the outcomes of hypothetically identical cohorts of patients with acute sinusitis symptoms who received each of the strategies, we developed a Markov or state-transition model 15 ( Figure 1 ) with DecisionMaker 7.0 (Pratt Medical Group, Boston, Mass). The Markov model simulated the natural history of suspected sinusitis as a progression from one health state to another over a 14-day period. A 14-day limit was applied because treatment efficacy data beyond this time horizon are unavailable. All patients began the simulation with symptoms suggestive of acute sinusitis and no recent exposure to antibiotics. The model estimated the number of symptom-free days associated with each strategy by summing the daily proportions of patients without symptoms. The model also calculated the number of quality-adjusted days associated with each strategy. Because the analyses had a time horizon of only 14 days, costs and utilities were not discounted.
Assumptions of the Model. We made the following assumptions in structuring the model:
1. Symptoms, once resolved, did not recur during the 14-day course; 2. The daily risk of antibiotic side effects remained constant during the 14-day course. Side effects persisted for 2 days, occurred only once per 14-day course, and required changing antibiotics, but did not alter the cure rate; 3. Antibiotic treatment of patients without true acute bacterial sinusitis did not alter the natural history of symptoms; and 4. Untreated patients with acute bacterial sinusitis could develop a severe disease complication, such as brain abscess, meningitis, or facial or orbital cellulitis. To bias our results in favor of empirical treatment, none of the antibiotictreated patients experienced disease-related complications. Tables 1 through 5 list the values used for the variables in the model, the range of values tested in the sensitivity analyses, and the data sources. Where available, data were compiled from applicable studies found in a systematic review of the literature from 1966 through May 1998. Where necessary, technical experts were consulted. 16 Sensitivity analyses were performed for all variables to determine the effect of the values used (Tables 1±3, 5 ).
Data Summary
Diagnostic Tests. Clinical criteria. For the clinical criteria strategy, we used the diagnostic approach taken in the only trial found that compared clinical findings to sinus puncture, the diagnostic gold standard for sinusitis. 9 This paper used a 4-item risk score based on factors determined by patient history and physical examination done by a clinician: 1) purulent rhinorrhea with unilateral predominance; 2) local pain with unilateral predominance; 3) bilateral purulent rhinorrhea; or 4) pus in the nasal cavity. A positive test result, defined as the presence of 2 or more items, had a sensitivity of 96% and a specificity of 77% (Table 2 ).
Sinus radiography. Sinus radiography test performance data were derived from a meta-analysis of diagnostic methods. 4 For this analysis, we used the radiographic criteria for plain film x-rays that provided the highest sensitivity (90%) while allowing for a moderate specificity (61%), ( To be consistent with most studies, we used a baseline estimate of 50% prevalence.
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Complications. Because no published data were found for the rate of serious complications caused by acute bacterial sinusitis, we considered brain abscesses secondary to sinus infections to be a proxy for all severe disease The brackets indicate that patients who received each of the strategies proceeded to the subtree to the right. The circles at the start of each subsequent branching indicate chance nodes representing the uncertainty surrounding possible subsequent outcomes indicated in the branches to the right. This diagram shows the portion of the decision tree modeling the management strategies, prevalence of sinusitis, and diagnostic test performance (sensitivity and specificity). The Markov process simulates 14 days during which patients may make various possible transitions: if they are sick, they may remain sick, become well, become sick with an antibiotic side effect, or develop a serious disease complication; if they are sick with a side effect, the side effect symptoms will last for 2 days, after which they may remain sick or become well without a side effect; if they are well, they may remain well or develop a side effect which will last for 2 days, after which they will return to the well state. 25 we derived a liberal disease complication rate of 1/10,000 cases.
Cure Rates of Sinusitis Symptoms Caused by Acute Bacterial
Sinusitis. Amoxicillin and folate inhibitors (such as trimethoprim-sulfamethoxazole) are both as efficacious as the more costly, broad-spectrum antibiotics 3 in treating acute bacterial sinusitis. While concern exists that emerging bacterial resistance may decrease the effectiveness of amoxicillin and folate inhibitors, a recent meta-analysis involving antibiotic trials from 1970 to 1997 did not support this contention. In addition, higher doses of amoxicillin did not improve cure rates. 3 To estimate the daily likelihood of cure associated with amoxicillin or placebo, we fitted a Weibull function (a generalized form of the exponential function commonly used to estimate survival curves) 26 to each Kaplan-Meier curve from the only published study 27 that provided near-daily cure rate data ( Figure 2 and Table 3 ). Trial results were consistent with those of the meta-analysis.
Cure Rates of Sinusitis Symptoms not Caused by Acute
Bacterial Sinusitis. Otolaryngologists, internists, family practitioners, and pediatricians familiar with typical courses of patients with acute sinusitis symptoms not caused by bacterial infection estimated symptom relief in 50% at day 5 and 75% at day 10. 16 As above, we fit a Weibull curve to these estimates (Table 3) .
Harm from Antibiotic Use. In the absence of specific published data regarding the occurrence of side effects with amoxicillin, we estimated that 5% of patients receiving amoxicillin would require an antibiotic change for severe drug allergies. This was consistent with reports of 1% to 10% incidence of side effects of penicillins 28 and of 5% of hospitalized patients having cutaneous or more severe drug reactions.
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No reliable data exist concerning either how antibiotic use directly affects resistance patterns or how antibiotic resistance affects patient outcomes in acute sinusitis. While future antibiotic resistance resulting from current antibiotic use is important to society, it is unlikely that it will result in any harm or additional costs to those patients taking the antibiotics. For these reasons, and because models that account for future antibiotic resistance have not been validated, costs and outcome utilities from resulting antibiotic resistance have not been included in the model. Severity of Sinusitis Symptoms. Two separate approaches were used to evaluate the effectiveness of the treatment and diagnostic strategies. In the first we measured the total FIGURE 2. Kaplan-Meier curves and fitted Weibull curves for the placebo and amoxicillin arms of trial evaluating amoxicillin for the treatment of acute bacterial sinusitis. 26 Point estimates and 95% confidence intervals are shown at day 12 for treatment meta-analysis estimates of cure at days 10 to 14.
4 number of days in the 14-day course that patients would be symptom-free. Each day that a patient was without symptoms from sinusitis or antibiotic side effects was given a value of 1, whereas all other days were given a value of 0. This scenario considered the total duration (over 14 days) of any symptom related to disease or treatment (Table 4 ).
In the second approach, we used quality-of-life adjustments based on the Quality of Well-being General Health Policy Model to account for differing degrees of severity of sinusitis symptoms. 32 In this approach, each day with symptoms had a lower value than a healthy day (Table 4) . For example, a day spent with antibiotic side effects was given a value of 0.760. Thus, such a day was worth only 76% of a healthy day. I.e., people would be willing to give up 24% of a day, or 6 hours, to avoid a day with antibiotic side effects.
In separate scenarios, we calculated quality adjustments for three levels of symptom severity: mild, moderate, and severe (Table 4 ). These quality-of-life adjustments reflect clinical impairment from sinusitis and increase the benefit of antibiotic treatment for more severely ill patients. For patients with both sinusitis symptoms and antibiotic side effects, the quality-of-life adjustments for these two events were multiplied together. This may overstate the overall severity of illness of patients with both sinusitis and antibiotic side effects; however, it reflects clinical concern that antibiotic treatment may cause side effects.
Costs. Table 5 presents the cost estimates and their sources. Because all patients were assumed to have an office visit and to use prescription or over-the-counter symptomatic therapies, no additional costs arose from the initial office visit. Antibiotic costs were based on wholesale drug costs 33 and pharmacy handling charges. The cost of 16 and work loss determined as in.
zz radiography was derived from the median 1998 fee for a 2-view sinus radiograph and reading. 16 Applying clinical criteria as a decision tool incurred no additional cost. The cost of serious sinusitis complications was based on average hospital costs, including surgery and intravenous antibiotics. 16 Indirect costs were derived from first quarter 2000 median weekly earnings for full-time workers ($575). 34 Lost earnings for a work day were defined as one-fifth of the weekly earnings ($115). By treating lost weekend days as equivalent to work days, we partially accounted for other productivity losses and indirect costs due to illness. Indirect costs were greater for severe illness than for mild illness. Persistent symptoms at the end of 14 days incurred follow-up costs, depending on the original strategy and test outcome (Table 5) . 35 
RESULTS
Clinical Effectiveness Profile
No antibiotic treatment yielded the most sick days and the worst cure rate, but avoided all antibiotic side effects. Empirical antibiotic treatment yielded the shortest duration of illness and the highest cure rate at the end of 2 weeks, but also led to the highest rate of antibiotic side effects (Table 6 ) with many unnecessary antibiotic courses. In general, the application of clinical criteria or sinus radiography yielded cure rates similar to those of empirical antibiotics while decreasing unnecessary antibiotics and side effects.
Cost and Effectiveness at 50% Disease Prevalence
To avoid any day with symptoms from disease or treatment, the differences in symptom duration for patients given empirical antibiotic treatment, clinical criteria± guided treatment, or radiography-guided treatment were minimal in a typical setting, where the prevalence of disease is 50% (Table 7) , but all were superior to no antibiotic treatment because of the latter's lower cure rate. Costs were driven largely by symptom duration, as the indirect productivity costs were substantially greater than the direct medical costs of diagnosis and treatment. Clinical criteria± guided treatment had the lowest cost, by properly treating most patients with bacterial sinusitis while avoiding most unnecessary antibiotic treatment. Empirical antibiotic treatment was slightly more effective and was cost-effective at $74 to avoid one day of symptoms when compared to clinical criteria±guided treatment. Radiography-guided antibiotic treatment and symptomatic (no antibiotics) treatment were both less effective and more costly (due to the test expense and additional lost work days).
Symptom Severity
When considering quality-of-life adjustments for different intensities of symptoms (Table 7) , patients with milder symptoms were less affected (closer to being healthy) than those with more severe symptoms. Thus, effective antibiotic treatment yielded a greater benefit in patients with more severe symptoms. For mild symptoms, no antibiotic treatment had the lowest cost, but clinical criteria±guided treatment increased total costs by $6 and improved effectiveness at a marginal cost-effectiveness of $34 to avoid a day of symptoms. Empirical antibiotic treatment added $12, but was only minimally more effective, so the marginal costeffectiveness ratio rose sharply to $22,800 to avoid a day of symptoms. Sinus radiography was inferior because it was both more costly and less effective than empirical antibiotic treatment.
For moderate and severe symptoms (that resulted in lost work days), clinical criteria±guided treatment was least costly. Empirical treatment was more costly and effective with marginal cost-effectiveness ratios ranging from $152 to $421 per day of symptoms avoided. Both symptomatic treatment and radiography-guided treatment were inferior with higher costs and lower effectiveness.
Disease Prevalence
With rising prevalence, strategies resulting in antibiotic treatment rapidly increased in overall benefit. Empirical treatment was most effective at all but the lowest prevalence rates because the benefits from antibiotictreated bacterial sinusitis outweighed their side effects. With all strategies, costs rose with increasing prevalence because of increasing lost work days, antibiotic usage, or follow-up because of lower 14-day cure rates. Figure 3 shows the effect of prevalence of acute bacterial sinusitis on the optimal management of patients in whom the sinusitis symptoms have different quality-of-life effects. For example, to avoid any symptom, no antibiotics is preferred for prevalence levels below 1%, and empirical antibiotics is preferred for prevalence levels above 44%. Clinical criteria is optimal for all other prevalence levels.
Regardless of the severity of symptoms, no antibiotics is preferred for low prevalence levels of acute bacterial sinusitis and empirical antibiotics is optimal for high prevalence levels. Clinical criteria is best suited for patients with intermediate probabilities. As the severity of symptoms increases, the threshold at which clinical criteria or empirical antibiotic treatment should be used becomes lower because patients with more severe symptoms from bacterial sinusitis obtain greater benefit from antibiotic treatment.
Sequential Application of Clinical Criteria and Sinus Radiography
In a variation of the model, we tested the strategy of applying clinical criteria, treating those patients with a negative test symptomatically, and ordering a sinus radiograph to determine treatment for those with a positive test. Due to the high cost of the radiograph and its relatively poor specificity, this sequential testing strategy remained more expensive than either clinical criteria alone or empirical antibiotic treatment at all levels of sinusitis prevalence.
Sensitivity Analyses
We performed sensitivity analyses to examine the effect of varying the values chosen for each variable used in the analysis (Tables 1±3, and 5 ). Variation in variables not Table 4 .
x A strategy is inferior (or``dominated'') when it is both less effective and more costly than other strategies. It is therefore eliminated from consideration as a cost-effective strategy by strict dominance. Bacterial Resistance. To simulate increased bacterial resistance to amoxicillin, we decreased the efficacy of the antibiotic compared to placebo (Table 3) . Thus all strategies were more costly and less effective. Empirical antibiotic treatment was cost-effective for levels of bacterial sinusitis prevalence above 59%, and no antibiotic treatment was optimal for prevalence levels below 4%. Clinical criteria was cost-effective for all other prevalence levels including the base case 50%.
Newer, More Expensive Antibiotics. Use of newer, more costly antibiotics has not been shown to be more effective than amoxicillin in treating acute bacterial sinusitis. 3 However, if we assumed these antibiotics were 23% more effective than amoxicillin (the maximum benefit from the meta-analysis), use of clinical criteria or empirical treatment resulted in an additional half-day of symptom relief. The cost of using clinical criteria was unchanged because the higher initial cost of treatment was fully offset by the lower cost of follow-up care. However, empirical treatment cost an additional $31 and was not cost-effective at $510 per day of symptoms avoided (equivalent to $186,000 per quality-adjusted life year). Empirical treatment was costeffective only when bacterial sinusitis prevalence exceeded 80%.
Clinical Criteria Test Performance. We used the only set of published clinical criteria that were compared to the gold standard of sinus puncture. Because no validation study exists, we determined the sensitivity and specificity levels at which a hypothetical set of clinical criteria would be cost-effective. Clinical criteria remained optimal for sensitivities above 93% and specificities above 72%.
As the sensitivity of clinical criteria was reduced (e.g., from 95% to 90%), while specificity was unchanged, empirical antibiotic treatment became cost-effective at lower levels of sinusitis prevalence (e.g., from about 55% to 40%). Altering test specificity alone (or the false positive rate) had little impact on overall costeffectiveness. Sinus Radiography Test Performance. Sinus radiography was not cost-effective. Its cost was high compared to both treatment and follow-up care. Even if radiography were a perfect test (with 100% sensitivity and specificity), it was still not cost-effective at $883 per additional symptom-free day compared to clinical criteria for a disease prevalence of 50%. Even if perfectly discriminating, a sinus radiograph would be cost-effective only if it cost less than $19, including radiologist's fee.
DISCUSSION
Amoxicillin and folate inhibitors, such as trimethoprimsulfamethoxazole, are effective in treating uncomplicated, community-acquired, acute bacterial sinusitis. However, given their costs, their risks of side effects, and the potential harm to society of increasing bacterial resistance from antibiotic overuse, antibiotics should be given only to those patients for whom they will be useful. We thus compared various management strategies for patients with acute sinusitis symptoms to determine the most efficient and cost-effective approaches.
Our analyses highlight the impact of disease prevalence and symptom severity on cost-effectiveness and the need to consider these factors in clinical decisions for both diagnosis and treatment of patients with sinusitis symptoms. The best strategy for diagnosing and treating acute sinusitis depends in part on the prevalence of the bacterial sinusitis (or the likelihood that a given patient actually has the disease).
In our model, only when the underlying likelihood of acute bacterial sinusitis among patients is extremely low (below 1% to 15%) is withholding antibiotic treatment for all patients optimal (Figure 3) . In most clinical settings, however, the prevalence of acute bacterial sinusitis exceeds 15%, so applying the set of clinical criteria tested to determine antibiotic treatment should be both effective and cost-effective.
In a limited set of clinical circumstances, empirical antibiotics is cost-effective: 1) for patients with severe or possibly moderate symptoms; 2) solely to minimize symptom-days; or 3) for patients with mild symptoms in clinical settings with extremely high prevalence.
Currently, very few sets of clinical criteria have been investigated for acute sinusitis. We considered criteria from the only study that used the gold standard test for bacterial sinusitis. 9 Further studies are clearly needed. Nonetheless, our analysis suggests that any potential set of clinical criteria should have high sensitivity (>93%) and at least moderate specificity (>72%). Because of its relatively high cost, sinus radiography for the initial management of uncomplicated, communityacquired, acute bacterial sinusitis would cost thousands of dollars for each additional healthy day gained, making it more expensive than other management strategies. At a cost below $19 total, it would, however, be cost-effective. Even if radiography were used only in those with negative clinical criteria, radiography would remain expensive. These findings hold true for any additional diagnostic tests, including computed tomography and ultrasonography.
Empirical treatment of all patients results in antibiotic overuse leading to increased bacterial resistance and perhaps reduced future effectiveness and increased drug costs. However, more studies substantiating and clarifying the link between individual antibiotic use and emerging community resistance are needed.
While the risks and costs of antibiotic overuse may be potentially high, withholding antibiotics also can increase risks and costs because of serious sinusitis complications. Our analysis explicitly examined this trade-off. For example, in the approximately 3 million patients seen annually for acute sinusitis symptoms, 50% have bacterial sinusitis, so treating all such patients empirically would prevent 150 serious complications but would entail 1.5 million unnecessary antibiotic prescriptions at an additional cost of $36 million. Thus, $240,000 would be spent per patient to avoid one serious complication. Further studies and guidelines for rational use of antibiotics for acute sinusitis could help to optimize benefits and minimize risks.
Although the decision analysis was limited by its reliance in some cases on a paucity of published data, our findings were robust over a wide range of sensitivity analyses and were internally consistent. Analysis of this and earlier versions of the model indicated that the overall findings were stable using various estimates of quality-oflife adjustments. Our decision analysis, however, applies only to older teenagers and adults because of insufficient prevalence, diagnostic testing, and treatment data in pediatric populations. Further studies are needed to arrive at better estimates of acute bacterial sinusitis prevalence in various settings, the efficacy of specific symptomatic treatments, the rate of disease complications, the effect on cure rate of increasing bacterial antibiotic resistance, and the effect on clinical methods of diagnosing disease.
It should be noted that our analysis applies only to patients with suspected community-acquired maxillary sinusitis symptoms. Patients with potentially more serious disease, such as frontal or sphenoid sinusitis, those with concurrent medical conditions such as immunocompromise, and those with evidence of more severe illness clearly should be treated more aggressively than implied by this analysis.
CONCLUSIONS
. In most primary care settings, the evidence supports using clinical criteria to guide antibiotic treatment of otherwise healthy patients with mild to moderate symptoms suspicious for community-acquired, acute bacterial maxillary sinusitis. . Empirical antibiotic treatment of patients may be cost-effective: 1) if the goal is to minimize symptom-days; 2) if patients have severe symptoms and bacterial sinusitis prevalence exceeds 51%; 3) if patients have moderate symptoms and bacterial sinusitis prevalence exceeds 63%; and 4) if patients have mild symptoms and bacterial sinusitis prevalence exceeds 93%. However, many patients would receive antibiotics unnecessarily. . In deciding whether to treat, the very small risk of serious disease complications must be weighed against the real risk of antibiotic side effects and the potential effect of increasing antibiotic resistance by prescribing antibiotics. Lowered antibiotic efficacy, as a result of increased antibiotic resistance, can substantially increase the cost while decreasing the benefit of using both clinical criteria to determine treatment and of treating patients empirically with antibiotics. . Using newer, expensive antibiotics as initial treatment adds to costs without substantially improving outcomes compared to initially using amoxicillin or folate inhibitors, such as trimethoprim-sulfamethoxazole. Even if the newer antibiotics were more effective than amoxicillin, they would be cost-effective only at bacterial sinusitis prevalence levels above 80%. . The use of additional costly tests, such as radiography, computerized tomography, or ultrasonography, is not cost-effective as part of an initial work-up of suspected uncomplicated, community-acquired acute sinusitis. . Further studies are needed to find an accurate, low-cost diagnostic test for acute bacterial sinusitis.
